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SUBIECT: STATISTICAL EVALUATION OF GOLD KING MINE SPILL EVENT SURFACE
WATER DATA, SILVERTON, COLORADOQ, SERAS-106, W(-64

On August 5, 2015, Environmental Protection Agency (EPA) personnel along with personnel from
Environmental Restoration LLC, a company located in Fenton, Missouri and under EPA contract o
mitigate pollutants from the closed mine, attemnpted to add a tap to the mine tailing pond resulting in a
waste spill. Their actions accidentally destroyed the dam holding back the pond, spilling three million
gallons of polluted mustard color mine waste water and tailings (Figures 1) into the Cement Creek
tributary of the Animas River in Colorado (Figure 2). The mine waste water and tailings contained metals

such as aluminum (Al), arsenic (As), fron (Fe), and lead (Ph). The spill affected San Juan River (SIR)
waterways of mumcipalities in the states of Colorado, New Mexico, Utah and the Navajo Nation. Since
the spill, EPA has been working closely with local, state and Navajo Nation officials to ensure the safety
of citizens impacted by water contaminated by the spill. EPA activated its Emergency Operations Center
to ensure coordination among s regions, laboratories and national program offices in Washington DC,
EPA deployed federal On-Scene Coordinators (OSCs) and other technicians in Colorado, New Mexico
and the Navajo Nation,

To assess the impacts of the release at the Gold King Mine, surface water and sediment samples were
collected-at-several-sampling-stations-(Figures-3-and-3a) from-the northern- border of New-Mexico-to-the
Navajo NMNation. Sampling began on August 7, 2015 with analytical results, sampling stations, and
latitades and longitudes of the sampling locations posted on the EPA website. On August 18, 2105,
Region 9 personnel asked the EPA Office of Research and Development (ORD) Site Characterization and
Monitoring Technical Support Center (SCMTSC) for technical assistance in evaluating surface water and
sediment data collected from the sampling stations installed in New Mexico, the Four-Corners, and Utah
(Figures 3 and 3a). On August 19, Lockheed Martin personnel attended a scoping conference call with
EPA personnel from Region 4 (R4}, Region 9 (RY), and ORD's Las Vegas National Exposure Research
Laboratory (NERL). Initially, only data collected up to August 12 was provided. Subsequently data
collected up to August 18, 2015 for total and dissolved metals in surface waters was also provided.

This technical memorandam (TM} has been prepared by Lockheed Martin under the EPA Scientific,
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communication with R9 personnel (Mr. H. Allen, Chief O8SC) exchanging updated data and statistical
findings, to be shared with state and Navajo Nation officials. At this ime, R® personnel wanted statistical
evaluation of surface water data. To address immediate needs of R9 personnel assigned to the Gold King
Mine Site, several draft reports summarizing intermediate results (e.g., summary statistics by sampled
dates, sampled stations, time series plots, background threshold values [BTVs], and other graphical
displays) have been shared with them on daily basis from August 21 through August 27, 2015, Results
summarized in those reports (and in this TM) have already been discussed with R9 personnel via
conference calls held during the time period listed above,

ko
Figure 1. Contaminated wastewater is seen at the entrance to the Gold King Mine in San Juan County,
Colorado; the plume of contaminated water slowly continued to work its way downstream to the river.
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This T™M summarizes results (using data collected up to August 18) described in the intermediate draft
reports shared with RY personnel. Several summary statistics tables and intermediate graphical displays
such as Quantile-Quantile (Q-Q) plots and box plots have been retained in this TM as they provided
useful information about plume status at various sampling stations across the SIR. ProUCL 5.0 was used
to generate graphical displays and perform statistical evaluations sumimarized in this TM.

Significantly elevated levels of dissolved Al and dissolved Fe have been observed at several sampling
stations following the Gold King Mine Spill Event. On Augnst 19-20, an Excel file summarizing Pre-Spill
Event data for total and dissolved metals collected from routine SIR sampling stations was also provided.
The pre-Spill Event data collected during 2011-2104 has been used as background data to compute 95
percent (%) upper prediction himits (UPL93s) to determine background threshold values (BTVs) for
several metals including Al As, copper (Cu), Fe, Ph, and Zinc (€n).
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1.0 95% Upper Predicton Limits (38% UPL, UPLS5} to Determine BTVs

As requested by R9, 95% UPLs were computed for total and dissolved Al, Cu, Zn, Pb, and As based upon
data collected prior to the Spill Event from several sampling stations (e.g., 02-06 [6], 02-0717], 02-08{8],
10-25, 10-26, 10-30, and 10-31) of SIR. Most samples represent routing samples collected from 2011
through 2014 and can be considered to represent natural background conditions prior to the Spill Event,
The data set consists of about 34 data points; and for several analytes (Al As, Zn) stations: 6, 7, and 8
exhibit higher (with outliers) concentrations.

UPLES for Total Al (no nondetects are present) - SIR Backeround Data
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#  Based upon the Rosner outlier test and from the above Q-Q plots, it was determined that the data
set does not contain any outliers; and the total Al background data set follows an approximate
gamma distribution. For gamma distribution, two methods are used o compute UPLSSs (ProUCL
Technical Guide); both UPLs have been reported in this TM.

o BTV=93% Gamma UPL: 141,424 (or 58,008} micrograms per Liter (ug/L),

An index plot comparing Post-Spill Hvent onsite-stations data (collected after August 7) with the
computed 5% UPL for total Al is shown below.
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From the above index plot, it is noted that some onsite total Al concentrations from stations: SIMEH,
SIDS, and STHB exceed the 95% UPL.
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LIPLAS for Dissolved Al (nondetects are presenty - SIR Backeround Data
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¢ 'The data set does not follow a discernible distribution, and 5 data points: 4300, 2800, 2000, 1400, and
820 are identified as outliers (Rosner test}. Outliers are identified at stations 6 & 8,

¢ The detected data set without the 3 outliers appears to follow a normal distribution. The 95% UPL
(KM-t-normal) accounting for nondetect observations = 45,12 ug/L
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Box plots and an index plot comparing dissolved Al from onsite stations with the UPL9S are shown
below. It is noted that dissolved Al from several onsite stations exceeded the BTV estimate (UPL35).
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¢ From above box plots and index plot, it is noted that many dissolved Al concentrations from several
sampled onsite stations exceed background the 95% UPL of 45.12 pg/L.
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UPLS3 for Arsenic {nondetects are present! - 8IR Backsround Data

s Hive potential outliers (30, 41, 55, 36, 62) shown below are from stations 6, 7 and §,
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Q-0 Plot of Total As in Background Data - Less § Outliers

s Detected data with and without outliers do not follow a discernible distribution,
UPLYS (with 3 outliers) = 57.5 ug/L., and
e UPLSS (without 5 cutliers) = 18 ug/l
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UPLES for Dissolved As {nondetects are nresent) - 8JR Backeround Data
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The higher 2 values are nondetects with a reporting limit of 30 pg/l; detected data shown below follow

an approximate normal distribution.
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s 95% UPL = UPL95 (KM-t-normal} = 1.914 pg/L.

SERAS-106-DTM-090215_65

Page 10

ED_004888_00033764-00010



59 UIPL for Total Cu (nondetects are oresent) ~ SIR Backsround Data

The total Cu data set has 10 NDs (out of 34 data points) in the SIR background data set. The Q-Q plot
shown below and the outlier test suggest that 2 outliers: 920 (Station 7) and 1200 (Station 6) are present.
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e Data with and without outhiers follow a gamma distribution.
e BTV estimates are summarized as follows:

o 95% UPL (Gamma KM) - all data with outliers = §77.7 (or 583.2) ug/L.
o 95% UPL (Gamma EM) - without 2 outliers = 368.5 (or 383.6) ug/L.

93% UPL for Dissolved Cu (nondetects are present) - SIR Backeround Data

Dhissolved copper has 32 NDs {out of 34 data points). Since the majority of background copper
concentrations have been reported as NDs, a detection of dissolved copper in post-event data may be
considered due to the Spill Event. At best, the largest detected value may be considered to represent an
estimate of the BTV for dissolved Cu (a biased high estimate)

959% UPL for Total Pb - SIR Backsround Data

Only one nondetect (out of 34 data points) is present in the data set. The data set does not have putliers
and the total Pb data set follows a gamma distribution as shown in the following figure.
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BTV estimate for total Pb=93% UPL is 284 (or 307) pg/L

95% UPL for Dissolved Ph (31 nondeterts are present owt of 34 data pointst - SIR Backeround Data

Most (31/34) of the dissolved Pb concentrations collected prior to the Spill Event are repored as
nondetects.
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s The number (3 out of 34) of detected concentrations is not sufficient to establish a BTV, At best,
5.4 (the largest reported value) or a 95% UPL of 2.59 (95% UPL KM(t)) based upon a normal
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distribution may be considered to represent a BTV estimate for dissolved Pb in surface water. The
project team should make this determination.

959% UUPL for Total Zn - SIR Backeround Data
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(3-Q plot of total Zn shown above and outlier test identified 3 outliers: intermediate outlier, 1600, is from
Station 6, and extreme outliers 2900 and 2900 are from Station 7. Total Zn data sets: with outliers,
without 2 extreme outliers and without 3 outliers follow gamma distributions.

o 95% UPL (Gamma KM): 1518 ug/L - influenced/ elevated by outliers
s 93% UPL without 2 outliers and accounting for nondetects (Gamma KM) = 950 ug/L
e 95% UPL without 3 outliers and accounting for nondetects (Gamma KM) = 793 pg/L

95% UPL for Dissolved Zn (all values reponted as nondetects) - SIR Backeround Data

Dissolved Zn was not detected in pre-Spill Event routine samples collected from surface waters of the
SIR. A detection of dissolved Zn in a post-event sample-may potentially be-considered due-to the-Spill
Event,

2.8 Evaluation of Dissolved Al and Dissolved Fe

Post-event dissolved Al and Fe concentrations are significantly higher than BTVs at several SIR sampling
stations. It is believed that higher levels of dissolved Al and Fe were present in samples collected from
some SIR sampling stations (Figures 3, 3a) on days prior to the day(s) when the mine plume could have
reached at those stations; and some of those elevated levels could be naturally occurring and may not be
attributable to the Auvgust 5 Spill Event. The plume was moving downstream and reached the station at
Four-Corners on August 11, 2015, However, at some of the Utah stations, elevated levels of Fe and Al are
noted on earlier dates (e.g., prior to August 12) when the plume was far (could not have reached those
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stations} from those stations. It is believed that concentrations of dissolved Fe and Al are naturally higher
and were high even before the plume reached those Utah stations.

During a conference call held on Angust 25, 2105, Mr, Allen requested to closely look at dissolved Al
and Fe data collected from Utah stations. He wanted to determine if concentrations of dissolved Fe and
dissolved Al were naturally higher at sampling stations (e.g., SIBE, SIME, SIMC, SIMH) further down
the Spill Event La Plata area (Figures 3 and 3a) during the carlier sampling events (e.g., during August 7-
I1.) before the plume reached those sampling stations. Several time-series plots were generated to
determine if the Utah stations did indeed exhibit naturally higher levels of dissolved Fe and Al
Supplemented with expert regional knowledge, RY personnel used (or plan to use) time series plots
{(Section 3.0 and the stations’ data variability (Section 4.0) to determine if some Utah sampling stations
gxhibited high levels of dissolved Fe and Al

21 Dissolved Fe and Dissolved Al are Highly Correlated

It is also noted that Al and Fe are highly correlated, suggesting that conclusions for one of them can be
applied to the other analyte. Based upon the available data (as of August 18, 2015), a scatter plot (with
regression line} of dissolved Fe versus dissolved Al is shown in the following figure. It is seen that the
correlation between dissolved Fe and Al is almost 1 {(=0.996).
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Box plots shown in Section 2.2 compare post-event dissolved Fe and Al by dates (all stations combined).
Box plots for dissolved Fe and Al exhibit very similarfcomparable patterns.
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22 Summary Statistics and Box Plots Comparing Fost-every Dissolved Fe by Dare - August 7
through Auguse 18, 2013

Box Plot for Diss-Fa-ugil.

®
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Box Plots Comparing Post Event Dissolved Fe Concentrations from August 7 through 18

Mote: Labels along the x-axis in the above box plots represent actual dates {e.g. 10 represents August 10).
Due 1o high variability (e.g., the highest value observed on August 13 was 67000 ug/L {at SJDS] and the
highest value observed on August 10 was 1800 [at SIMC)), the scale of the box plots could be somewhat
misleading. For example, a dot shown on the August 10 box plot represents a value of 1800 pg/L and not
close to '0' as it appears to be. The details can be found in the following tables of summary statistics.
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Summary Staustics for Dhissolved Fe by Date
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2.3

Swmmary Statistics and Box Plots Comparing Fost-event Dissolved Al by Dare - August 7
through August 18, 2015

Summary Statistics for Dissolved Al by Date
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Box Plot for Diss-Aligit.

ferred

Divs-Al-ugh.

s e Reteineia® &

0 1t 3 iz 33 3 1] 7 i’} 7 £l ]

Box Plots vCémvpa;ring Post Event Dissolved Al Concentrations from August 7 througi‘z 18

As mentioned earlier, labels along the x-axis in the above box plots represent actual dates (e.g. 10
represents August 10}, The program (ProUCL)} used to generate the box plots automatically arranges the
group categories (e.g., dates coded as numbers) along the x-axis.

3.8 Post - Spill - Event Time Series Plots for Dissolved Iron and Dissolved Aluminum

Time series plots for dissolved Fe and Al for each station are displayed below. Self explanatory Station
IDs are shown along the y-axis and date-station IDs (August 7- 8) are displaved along the x-axis. From
the following time serics graphs, it is noted that data for Fe and Al do not exhibit any significant
(increasing or decreasing) trends from August 8 through August 18, 2015, For both dissolved Al and Fe,
several stations: SJ4C, SJBB, SJDS, SIMC, SIME, SIMH exhibit a peak (maximum concentration)
during the time interval August 13-14.
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3.7 Posr-Spill Event Time Series Graphs for Dissolved Fe by Sampling Station
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MNote: Dissolved Fe at Station SJIBB was elevated (=840) on August 11, even though it is believed that
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Sampling Station = SJSR
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Mote: Like dissolved Fe, dissolved Al at Station SJBB was elevated (1600 ug/L) on August 11, even

though it is believed that the plume reached this Utah station after August 12,
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Sampling Station = 8JDS
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Sampling Station = SJHB
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Note: Like dissolved Pe, dissolved Al at Station SIMC was elevated on August 10, even though it is
believed that the plume reached this Utah station after August 12.
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Sampling Station = 8JMH

even though it is believed that the plume reached this station on or after August 12
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4.0 Box Plots and Summary Statistics for Post-Spill Event Dissolved Fe and Al by Station

Several new sampling stations were included from Lake Powell (code starting with LP/Ip) which did not

mean, median, variability) of Fe and Al by sampled stations. These are summarized below.

have enough data at the time this TM was generated. It is of interest to know the main statistics {e.g,,
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Box Plots Comparing Dissolved Fe by Sampled Station
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Summary Statistics for Post-Snill Event Dissolved Fe by Station
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Sionerad Satistios for Faw Data Seis using Detected Deta Ondy
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Box Plots Comparning Dissolved Al by Samoled Station

Box Plot for Diss-Rbugil
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Summary Statistics for Dissolved Al by Sanmpling Station
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Genersd Sadistios for Raw Dala Soia ueing Detected Dela Ondy
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The following Q-Q plots for dissolved Fe and Al were provided in an intermediate draft report and are

included in this TM for the purpose of completeness,

O-CF Plots for Post-Spill Event Dissolved Fe
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Another (-Q plot generated using all dissolved Fe concentrations «<=2000 ng/L is shown as follows.
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(3-Q Plot of Dissolved Al Based upon All Data

Note: The three elevated values were noted on August 13 at stations SIDH and SIMH (highest value).
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A Q-Q plot for dissolved Al generated without three high concentrations 15 shown below.

43 Plat for Diss-Ak78000
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Next, a Q-Q plot generated using all dissolved Al concentrations <=5700 ug/L is shown as follows.
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